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WK “Spectroscopy”

* Lots of interesting physics in production of prowen -
W * and Z° bosons at the Tevatron!

=
-

8 Rapidity Spectrum: dg/dy

antiproton

o quark PDF constraints W Charge

Asymmetry

—_—

o Direct impact on My,
§ Polar Angle Spectrum: d0/dcos9

o InZ’s

S

o Tests QCD predictions
§ Boson py Spectrum: da/dp-
o Tests QCD predictions

o Direct impact on My,
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A(Y) =
da. + / dMN B da-_ /dXN ~ ” ; -‘
do, /dy, +do_/dy, “E

u(x1)d(x2) - d(xDu(x2) N
u(x0)d(x2) + d(x1)u(x2)

Wt | log(x)
§ [hetp: //durpdg.dut.ac.uk/hepdata/pdf3.html]

W w+

u quark carries higher
fraction of p momentum!

u et d e

8y
=
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=

Measurement of the W charge asymmetry
constrains PDEF’s of the proton. Vi

<—anti-proton direction proton direction—
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‘ Lepton Charge Asymmetry

A(n) =
do,/dn, —do_/dn, N d(x)

do, /dn, +do_/dn,  u(x)
CDF Run |: PRL 81, 5754 (1998)

2023 ¢
E 0,2;_ CDF 1992-1995 (110 ph™ e+y)
5015 F , ;_—_;_,._,_i_f__’_.'..'..',_f.; _______ =" E% 05
: O N S
5005 F
N
0F MRS-RZ (DYRAD)
005 F MRS-R2 (DYRAD)(diu Modified) .
01 F MRST (DYRAD) —>
0.15 £
'0'2:_.‘..|.H.\..‘.\....|‘..
0 0.5 L5 2

1 .
\ | Lepton Rapidity | )

Least constrained at high n!

<= <= <= =)
— Boost Boost ———
W+ V W- c—
________ %/ %/
/%atWrest frame % at W rest frame
e+ "

*  Leptonic W decay involves V
— p,Y 1s unmeasured.

*  Use experimentally more direct [+
direction to measure A(N).
8 This convolves W production

asymmetry with V-A decay
distribution.

8  Sensitivity to the ratio of PDFs
for u and d quarks, u(x)/d(x).
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CDFII Preliminary thlt =170/pb

‘fvent Selection .

e W + —C T V Candidates 2000 n
[
[E., ME, > 25GeV,

50 GeV < M. < 100 GeV] = Out to ~2.8!

§ Central: 49214 events

§ Forward: 28806 cvents T s e
j L=170pb™*
* Charge ID in forward region is key! e ,,f
8 Use new silicon tracker and T e
forward calorimeters. T ]
. ) . 0f Rest p
§ Align forward calorimeters with ] R.GSldu s after
a1 alionment look
tracks from central tracker. : | very good
o Global offsets, rotations. R T 1T A
=10 -8 -6 -4 -2 1] 2 4 6 8 10
o Internal misalignments. Global A@ (mRad)
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Uncorrected Asymmetry

‘ Raw Asymmetry

Shape is convolution of 4(Yyy,) and V-A

Corrections to extract
true asymmetry:

0.4
E CDF1I Preliminary '[Ldt =170/pb § Charge
0.3 .. . .
: Sign switch @ |r]| > 9 misidentification rate.
02~ 8 Background
o1 E- subtraction.
OE o Both bias the
or asymmetry low —
01 dilution.
02F | <1 ~ linear 0 Mez}sured in each
- N bin.
03— .. .
= o Uncertainties in
_I 11 | | . | | L1 11 | L1 11 | L1 11 | L1 11 | L1 1 | L1 1 1 | L1 11 | L1 11 {
V45 2 45 4 205 0 05 1 15 2 25 C(.)rreCU(.)nS £0
n directly in 4.
Curve is just to guide the eye.
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| Corrected W Charge Asymmetry
* Gain sensitivity to W production asymmetry A(yy)
with E.. dependence.

8 Higher E.: electron direction closer to W direction.

Production asymmetry enhanced. Data lower

than existing
8 Lower E : decay asymmetry enhanced CTEQ

Correcied Asymmetry

03 L . . . ;p, 0 3 h ) .
~CDF-Il Preliminary, 170 pb ! £ " LCDF-Il Preliminary, 170pb "  prediction.
[ = L
0.2 - 25< ET <35 GeV E  35< E® < 45 GeV
- i a 0.2 — T
0.1 O <l L
C - -
w —
0= g 01—
- 8 =
01 07 RESBOS CTEQ6.1M
- - (F. Landry, R. Brock, P.M. Nadolsky, C.P. Yuan,
02 RESEOS CTEQS.M o1l Phys.Rev.D67:073016,2003)
03 - (F. Landry, R. Brock, PM. Nadolsky, C.P. Yuan, N 40 extreme pdfsets
C Phys.Rev.D67:073016,2003) ~ I
= 02—
04" 40 extreme pdfsets B
- :_ .:::E:-:_: o L | | | | | 1 1 1 1 | 1 1 | | ‘ | | | | ‘ 1 1
050 | 0|5 1 1 1 1 ‘: 1 L1 1 1 |5 1 1 1 1 é | V_F_v_'z 5 030 05 1 15 2 25
' ' ' n|

l
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| Q;mZO/y — e'e Q)ecays f\

1:—» @ C—

\]Zf f(gV+gAy5)f ZO/Vk \
7V -Q, f = e, quarks .,

do/dcosf = A(1+cos” 8) + B cosé
_do(cos@ >0)—-do(cosf <0)

*  Vector (V) and Axial-vector (A) Aeg =
couplings give rise to Agg. do(cosé >0)+do(cosd <0)
_ 3B
* Intetference between Z° and Y* A =
exchanges. : 8A
* Different combinations of V and A 0.8 Arg ul—>etes
couplings contribute to d0/dcos® dM_, 0.6 E
o4 |
8 Ay direct probe of relative strengths of oz [
coupling between Z° and quarks. o
A
8 Mass dependence is sensitive tou and -0.4 [
d quarks separately. —0.6 F
—o0.8 [
B T R

ete— Mass (GeV/c?2)
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PRL 87, 131802 (2001) [ £ dt =108 pb!

‘ Ay Beyond LEPII PN

1.0~ — SM prediction M{ee) > 40 GeV/c? .
i (NLO QCD with MRST) ]

Interesting for M__ above LEP II .

0.5

e

New interactions — deviations of Ay ool CDF Run I (=110 pb™)

and do/dM from SM predictions. / f
8 Various models predict new == N NN

, 50 70 100 200 300 500 700 1000
neutral, heavy bosons: Z’s o .
2.2 s deviation from SM =~ M(ee). GeV/e

AFB

energies.

New resonance could interfere with y Rosnet, J.L.: Phys. Rev. D 54, 1078 (1996)
T T | T T T T | T T 1 T | T T T |-7|-7_|‘-|“-‘|h T | T T T T
and Z. | A T e
iEM Mass Specium | Dy Run Il Preliminary .o | N
Complementatywg g * - ]

16° 7 T ndf 6263753
. Prob 01716 -
to dll'CCt 10° po 24.03 +0.71 i
pi 0.01187 + 0.00005 | |
10 ey Z |
searches — . 0.0 x5 .

excess in

total cross

uu - ee" 7

] 100 200 300 400 500 600 700 800 900

Sectiono Mee (Gev) | | | | 11 | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | I- 1 1 1

1G0 200 300 400 500 600

200 pb™' of Z=ee M, (GeV/c?)
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‘ Calculating A4

* 5211 Candidate Z'— e*e events |A, =
8 2isolated electrons E.>20 GeV
8 1892 Central-Central

do(cosé* >0) —do(cosé* <0)
da(cos&’* > (0) +do(cosé* <0)

| 40 GeWc].:M <75 GeWc E

eventsf0.2
[-1]
[=]

- su%:
E |
§ 3319 Central-Forward I L=72pb™ f= 7 L pmass
3 | 3
‘:‘:3 103 = . Data = 2";_ —I_|__|_I_I_ —é
>  F O zh—e'e MC ] EL E
8 102 ;_ D Dljet background _; l1—1 0.8 06 0.4 -0.2003?9*) 0.2 ﬂﬁ
o = ’ B Z/— 't background E
"g 10 A1 ! LJ W ev + Xbackground —; EEEE?: 75 Gew::%nheﬁ 105 GeVic? E
¢ CDF Il Preliminary : S0 i 3
o F,N‘H\i . Y3 cme pirhhyy, Pole .
1 == = 120 { ¥ { E
- Hﬂ I H |'| n—, i : "a0F ! E
10" = N e | 3
E = 20 =
) - . § 0oF 3% Y S R (69;)‘ 0z "84 05 o8
10°L . . . ' S — Backward oo Forward
40 60 100 2020 300 600 § SFTTT :
Mee (GeV’c ) %;,52_ %??ﬁim d Ihi;)ﬂ;f;GeWc | | E
30;— ijet backgroun i
[ ] B ackgrounds : BE [ Other backgrounds g
25 mass
8 Central-Central: 1% 13;_| {
sE—p
8 Central-Forward: 5% ST R L T
8 Dijet background dominant Arg is largest
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‘ /‘Zlcceptcmce Corrections

* Unconstrained unfolding analysis

10000 pr——T T tA} '
a000 [~ oo Low R T § Acceptance and event migration

. hys raw
parameterized to transform A P™* to Agy

w000 F
N ] ] ] ] ] ]
B ' ' ' i ' '
B e T L Sty
n 1 1 1 1 i 1

8 Use maximum log likelihood method to
compare to data at the detector level.

SI:II:I:I:IE High
]
0 EN 6 Event Migration M mass ok!
30000 - c Ob""' Large T 09 =
- foe) s
e . 145°cL.  correlations a 0.8 %
-1|:|t|:|1E _ g 12 0.7 ;m
0T 08060407 0 02 0.4 0.6 0.8 _1 e 10:_ ] 0.6 .,f
cos 6" (78 < N, < 105 GeV/E) 3! - i
S 8- j-g-i
= r ’ )
B 103
£ 4C 1B=0.2
2 — 0.1
: Cop. 2 g 10 12 14 G,
cos@* (105 < M, < 200 GeVid) oo PhySICS M. Bin b/oe

Kin. and geom. cuts sculpt the cos0”

. - . Detector resolutlon and radiative
distrib., esp. in forward region.

effects — event migration.
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Unconstrained Fit with Smoothing

* Result fitting Ay

. . ¢ Systematic uncertainties small
8 Large statistical uncertainties o
compared to statistical:

8 No SM assumptions about Agg! § Enerey Scale, Resolution

oo | T T T T T | T T T X
4 1F 8 Detector Material
0.8 E 8 Backgrounds
0.6 =
C ] w06 T
0.4 3 « [ 2ZfseeMC ]
e ERREYS e :
0 - ] 02F Statistical 1. B
= T 201 | Total
E ZIl';’*arji:clﬁdes :\:\>0 : - -
-0.2 = several theoretical o a
0.4 - calculations E 5 =
"F Statistical ] 0.2 -
-0.6 = . A T tha| . | 3 0 4: B
40 60 100 200 300 600 T . i
M_ (GeV/ 2 06 |, CDFlliPrelimnary
ee ( e C ) 70 75 80 85 90 95 100 105
. All results consistent with SM. M., (GeVIcz)

. Not useful for non-SM physics near Z pole.

*  Nothing new above the pole yet.
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‘ Couplings Results

Quark Couplings: 2/ ndf =10.66/11
CDF 2 b Experimental | SM Prediction | &' 68% CL CDF RunlI Preliminary
RunII | Uncert, | values (PDG) 05 | I Laum = 70pb™

u; | 0.41+0.14 | £0.028 0.330 +0.016 | 0.3459 +0.0002 | “*°F g

04 F

u | 001£012 | £0.024 | -0.176 £0.008 | -0.1550 + 0.0001

0z |

d; | -0.32+0.26 | £0.057 | -0.439 £0.011 | -0.4291 + 0.0002

d, | -0.02+0.34 | £0.088 | -0.023 +0.058 | 0.0776 %+ 0.0001

sin2 = 0.2238 + 0.0046(stat) + 0.0020(syst) ¢ | ‘
x2/ndf = 12.71/14.0 S
Electron COuphngS: XZ / ndf _ 12.5/13 1 -1 -08 -06 -04 -0.2 0 0.2 04 06 08 gA;
CDF Run II SLD+LEP SM prediction
ey -0.056 + 0.018 -0.03816 + 0.00047 -0.03816 + 0.00047
N -0.54 £ 0.19 -0.50111 £ 0.00035 -0.5064 = 0.0001
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S ummary w

e CDF has a new measurement of future

the lepton charge asymmetry in

W-—eV decays. * do/dy measurements in Z’s will )
8 Look at data at large E.. and further constrain PDF Important
1arge n. uncertainties. > for MWI
§ Uncertainty on PDFs could be ~ * d0/dpyin both W’s and Z’s will
reduced by inclusion of this further test QCD predictions.
data in global fits. 1000 o
§ First Run II measurement of W & 9° =D Run Il Preliminary oData
charge asymmetry! 3 8001 y —Monte Carlo
5 7100 07,/ +, -
o =
* We also measure Apg vs. M, in w 6005_ Z /y - ﬂ lLI
/—ee events. S00E, 1
§ Unfolded A,y with out SM 400F I L =148pb
assumptions. 300
§ Fit for Z couplings. 200
8 Nothing new above the Z pole 100
yet. %710 20 30 40 50 . 60

Zp, [GeV]
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‘ Backup

August 17, 2004
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‘ Phoenix (Calorimeter-Seeded) TracKing

Two points and a curvature

Use both central and
forward electrons! |n| < 2.8

CENTRAL SHOWER-MAX

CENTRAL PRE RADIATOR

HAD CENTRAL CALORIMETER

2.0 HADRON

Eh CENTRAL CALORIMETER o . CAL

4
&n
I

o
b
- #
#
s =
- -~ & T
- ,,f g %
1.0 — JJ‘, F
. [cor].- e g
- — 5 %
. #
-
L
a8 = P _ g g
# - a =
# " o
i - g &

define a helix:

e Primary collision vertex position.

e Fitted position of calorimeter
shower maximum.,

| | Ll L] I | L L I i I | L I | L I 1
5 w:.n 15 2.0 25 3.0
SVX 1 INTERMEDIATE

m

y (cm)

rotg_ted

80

60

40

Zoom into Silicon:

]i?hoenéix SiTlé:ack

Cal Seedj Tracl{:s

D—.—‘—! - :

|i|n—.!|i||

| Hi |
5 LAYERS SILICON LAYERS -0.35 -0.3 -0.25
rotated x (cm)
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‘ Charge Misidentification Rate
_ Ao

* Charge mis-1D rate, £, Atrue — 1_of
8 Residual misalignments in Q
silicon and plug shower

: o 021
maximum detectors. S 0 185— CDF]IPre]inﬂnarijdt=1?l]fpb
. . Q ™ H
§ Measufed n data U.Slﬂg I 0 155— ®  COT Seeded Silicon Tracks
ZO_> e+e— eveﬁts, Wlth one é 0.145 ®  Calorimeter Seeded Silicon Tracks
leg in the central tracker E 0 Wron
Q012
(COT). : f =
: : 0.1 Q
8 Measured in each N bin. H- tOtaI
S : 0.08 -
8§ Uncertainties in f;, directly - s
. 0.06 —
go 1n A. = 4
8 Monte Carlo predicts = 1
— 0.02—
fQ<l% even at N=2 — = . B li -
.o _||||||||||| II_Ill- ||||||||||||||
naive. 0 -2 1.5 -1 0.5 0 0.5 1 1.5 2
n
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‘ Background Corrections

* We correct 4 for backgrounds:  *#F T
B CDFI Preliminary _l.I.dt = 170/ph e
§ W —>TV — eV , /[, —> ee L ®  Plug Triggered Data
02— @  Central Triggered Data
o Measured from Monte B
Carlo o.15|- +
o Asymmetric - +
> 0.1
8 QCD Jets : . .
o Measured from data -
: . 0.05
o Use Calorimeter Isolation . DG e
(e) and ME, distributions [ | ST reee |
(V) projected into signal ~° 2 Al 0 I 2
ICglOIl. Bkg vs. Eta
o Isolation correlated with
other selection criteria. QCD background is upper limit —
o Estimate is upper limit. ~ use 0.5% +0.25% — gives tull
o Biases 4 toward 0. coverage.
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‘fPU&tﬁ@wu&wr

from e+e-

* Previous experiments have done very precise

10 E PEP PETRA  TRISTAN LEP

F| dRS  OCHLLO AMY eL3 measurements (LEP, SL.C, etc.)

: XMARK IT AMARK J YVENUS 1 . 2
2L il *  Need > 10 fb™! to compete on sin“(Byy)
o g Final

| Ay e 0.23099 + 0.00053
10
- A(P.) — 0.23159 + 0.00041
)
10k Qi % 0.2324 £ 0.0012

. Preliminary

_| 11l | | T | 1111 [ L E X ] [ i KO I 11 11 | 111 1 I | T | 1 0,b

0 25 50 75 100 125 150 175 200 Aty T 0.23212 +0.00029

\s [GeV] AL — 0.23223 + 0.00081
@ [ SPEAR PEP  PETRA TRISTANLEP Average iy 0.23150 £ 0.00016
= R Y e SAY B3 103 x°/d.01.:10.5/5
075 E %MAC OJADE  ATOPAZ |
E «MARK [l AMARK J YVENUS | iy
05 9PLUTO J\*\% %
_— F #TASSO + g
25 F i\ <
F_ 4
s € 102 o = 0.02761 + 0.00036
e : ] m=178.0 + 4.3 GeV
» 0.23 0.232 opt 0.234
== e - Sir129eff
075 . .
e b Ditticult to compete with LEPII
o 25 50 75 100 125 150 175 200
Vs 1GeV] § 120<Vs<207 GeV
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‘(lzﬁnlﬁzth@g;ﬁypg

cos@" in Collins-Soper frame
(minimize ambiguity in the
incoming quark p-,)

do(cosé* > 0) —do(cosé* <0)

P

lab frame

01y
P —»4/'_

D P

Prs = do(cos@* > 0) + do(cosg* < 0)
N+ - NIJBrkgrnd _ N_ - NI;kgrnd
Ag=—B_ a2
° N - NBkgrnd + N - NBkgrnd
a’ a
a. Forward/Backward Acceptance
& Efficiency
N* : Forward/Backward Candidates

cosO>0 =Forward
cos0'<0 =Backward

Correct Agg ™V to obtain AP —compare to theory:

" = (@) goom @ i (@) s (X8 a0 E™) o
N ~ - ~~ g

Sculpt cos0* dist. M__ bin migration
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‘ M and N for Z—ee

(4

-
o

Integral 5211 |: l =« Data

—_— Ty ate MC

|
Sngie—
L ]
Nl

Events /2 GeV/c ?
o

‘ § E
10 | E
iE i -
1 7 i E
| JI VTR
50 100 150 200 250 300 350 400- '2161 L _3

ce (GeVlc ) MNyet
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Backgrounds for Z/Yy

* Dijet dominant Background Summary

i CV I
S Integral 8978 Soutrce # of events
Em’z é— CDF II Preliminary — C-C C-P
10° 3 E Dijet 9 128
10" _5'0' 100 780 200 250 'at:oI “'35'0' B '460'_ W eVV+ X 1.8 25
Dijet ij (Ge\f:’c2} for central-central
. /. TT 5.6 7.2
S (B) RMS 2384
% 11 Integral 12:!.? WZ 14 17
£ CDF II Preliminary WA 15 18
10 ~
10 m r Top 1.1 0.7
= 11—

50 100 150 '2662' “250 300 350 400
Dijet ij (GeV/c ) for central-plug
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‘ Fitting for Z Couplings

 Fit at Raw A, Level

Residuals

8§ Test Ay is smeared

* X* show good agreement
with SM

=
Co ~

=
=N

0.4

0.2

0.2
0.4
0.6 F

-0.8

{PRTI

71;- T

CDF RunlI Preliminary

x2=10.66/11

O residuals from data
residuals from fit
- residuals from fit withu,, +1 ©

| I I S I N I B
B~ T~ B~
PN RIS

102.5|
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Acceptance “Efficiency

: 0.8¢ l | T —
e (Correction Factors: g o7l S Forward Events :
¢ A =
8 Energy Resolution :;-:.i 0.65 — Backward Events_f
. . . . L -
8 Kinematic and Fiducial % 0.5F
o -
cuts ‘-é 0.4F :
§ Radiation from FSRand & 03¢ E
Brems b 0'25_ E
< oMb CDF II Preliminary _
8 Electron ID efficiency = | 3
g-ﬁ 60 100 200 300 600
e Assumes SM M., (GeVIcz)

8 Allow Z couplings to float

Couplings fit
used as input A
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Theory Band

e Different MC’s; 08

+ VDB :

PYTHIA (LO)

g g resummation

e /GRad

8 O(0) EW cort.

* Pythia

8§ Parton shower

(QED+QCD)

| PYTHIA w/ MRST

. | ZGRAD + PYTHIA

* Nothing w/ NLO

IIII‘IIIIlIII |IIII|III III|IIII|IIH| III|IIII|III III|I|II|II I|IIII|IIII-|"I'I'|'|'ITIT|.IIII‘HI||IIII|IIII|III III|IIII‘IIII|IIII|I I

QCD & O(Q) EW

A A.g (Theory - Center of Band)/(0.5 bandwidth)

* Indicates size of effects B e

T ||||||||||||J.L|,|,|.LI.IIIII‘IIIIlIII |IIII|III III|IIII IIH|IIII|IIII|III III|IIII IIII|IIII|IIII|.LL|,|J.LL|IIII‘HII|III IIII|III III|IIII‘IIII III|IIII

> OF-
§ PDF S, ISR... -0.5E-
1E i H i H H H
40 60 100 M.. (GeV/c 2) 200 300 600
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| SM with Measured Z° couplings

Using couplings fit as input Ay gives:

o C T T T ] ]
.&“1§AFBcurrectedassumingSM 1 w06 T
0.8 and using A ; couplings fits -4 & T 2ty - e'e MC i
A: | | 04p| | s -
0.6 - . C $ Statistical §
04 4 020 | total E
0.2 e + .
0 Zi7 SeemMc] 02° .
_ C band includes _7 - A, corrected assuming SM -
g:f “"’f{.ﬂ'u’i';&g{,i"“% '0'4‘:_:9: aan using A , couplings fits _
"5 Statistical : 06= . v
06 Total - 70 75 80 85 902 95 100 105
L | f f f f | 1 f f _|
40 60 100 200 300 600 M. (GeVic)

M., (GeVic?)

e All results consistent with SM.
*  Not useful for non-SM physics near Z pole

*  Nothing new above the pole yet.
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